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1. WTRODUCT ION 
T h i s  i s  t h e  s i x t h  monthly r e p o r t  of p r o g r e s s  on C o n t r a c t  NAS 3-2529, 
a r e s e a r c h  program r e l a t e d  t o  vapor t h e r m i o n i c  c o n v e r t e r s  f o r  n u c l e a r  
a p p l i c a t i o n s .  
2 .  PROGRAM STATUS 
2 . 1  G r a i n  Growth I n v e s t i g a t i o n s  i n  Cesium Vapor 
The vac - ion  pumped tes t  cliamber lids been completed and t e s t i n g  
w i l l  b e g i n  as soon as some minor d i f f i c u l t i e s  w i t h  t h e  oven h e a t e r  are  
overcome, 
2.2 C e s i a t e d  Emission I n v e s t i g a t i o n s  
Exper imen ta l  r e s u l t s  have been o b t a i n e d  on t h e  e l e c t r o n  
e m i s s i o n  from c e s i a t e d  molybdenum b a r  s t o c k .  The t e m p e r a t u r e  r ange  of 
t h e  emi t t e r  w d s  €rom approximately 600 C t o  1500 C and t h e  c e s i u m  
r e s e r v o i r  t e m p e r a t u r e  i s  being v a r i e d  o v e r  t h e  r ange  from 290 C t o  350 C .  
2 
The measured e m i s s i o n  d e n s i t i e s  are  i n  t h e  r ange  Erom 0.2 amperes/cm t o  
10 amperes/cm . G e n e r a l l y  speaking,  t h e  e n i s s i o n  a t  t h e  h i g h  a r r i v a l  
ra tes  follows t h e  Langmuir-Taylor t ype  of "SI' c u r v e .  The minimum work 
f u n c t i o n  a c h i e v a b l e  on c e s i a t e d  b a r  s t o c k  s u r f a c e  a p p e a r s  t o  be  dpprox- 
i m a t e l y  1 . 7  ev .  THe more d e t a i l e d  r e s u l t s  and t h e  time a t  t e m p e r a t u r e  
e f f e c t s  on t h e  e m i s s i o n  w i l l  b e  . p r e s e n t e d  i n  tlie iiext r e p o r t .  
0 0 
0 0 
2 
2.3 E l e c t r o n  Erriission Microscope ( R e s u l t s  of Molybdenum Bar S t o c k 1  
A sample of molybdenux b a r  s t o c k  ( R 3 )  w a s  p l aced  i n  t h e  micro-  
s cope  and o p e r a t e d  a t  1500'C f o r  1 2 1  h o u r s .  'l'lle sampie had r e c e i v e d  no 
p r e l i m i n a r y  lieat t rea tment .  A t  tlie end of t h e  121  h o u r  run ,  t h e  sample 
was r a i s e d  eo 1700 c f o r  1 / 2  hoiir and t h e n  t c  lYCO°C f o r  1 / 2  ! ? o ~ r .  
Although i t  w i l l  be some time b e f o r e  a d e t a i l e d  a n a l y s i s  o f  t h e  r e s u l t s  
c a n  be completed,  some immediate c o n c l u s i o n s  c a n  be drawn f rom t h e  
0 
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pre l in l ind ry  r e s u l t s .  A s e l e c t i m  of pliotot;idplis of t h e  e l e c t r o n  e r l i s s i o n  
image a t  v d r i o u s  times i n  t h e  run i s  shown i n  F i g u r e  1 and F i g u r e  2 
i n  s u y p a r t  of t h e  f o l l o w i n g  t e n t a t i v e  c o n c l u s i o n s :  
1, G r a i n  Grovtli - Xn t h e  f i r s t  1 - 1 / 2  hours  of l i ea t ing  
0 
a t  1500 C, tile a v e r a g e  g r a i n  s i z e  i n c r e a s e d  tl-b abou t  . O G  f i s t . .  A t  t h e  
t e r r ; i n a t i , ) n  of  tlie r u n  ( 1 2 1  h o u r s  t t ) t a l )  t h e  ~ J C L . L ; C  g r a i n  s i z e  was 
abou t  . 0 7  t o  .08 mn. The sequence of p i c t u r e s ,  (site F i g u r e  1) 
show sone  g r a i n s  growing p r e f e r e n t i a l l y  a t  t h e  expenses  of o t h e r s  w h i c h  
e n t i r e l y  d i s a p p e a r  on the ave rage .  Those  g r a i n s  whict; remain  a t  a 
gil.ren t ime have i n c r e a s e d  i n  s i z e  as d i r e c t  cxnmiriation of  tlre photo- 
g r a p h  i n d i c a t e s .  
It was observed t h a t  fs2r a g i v e n  t e m p e r a t u r e ,  most  of 
tlie g r a i n  growth o c c u r r e d  du r ing  tlie i n i t i a l  time t l i a t  t empera tu re  was 
f i r s t  a t t a i n e d ,  A l s o ,  t h e  r a t e  of  g r d i n  . :rodti ;  i n c r e a s e s  L ; i t l i  teTt.per- 
a t u r e  shown i n  F i g u r e  2 .  
s i z e  had i n c r e a s e d  to .12 m n .  A f t e r  1 / L  hour  more w i t 1 1  !:lie tel:?pCrd!-ti-e 
i n c r e a s e d  t o  1800 C,  t h e  average g r a i n  s i z e  has  i n c r e a s e d  t o  .15  m. 
A f t e r  1 / 2  hour a t  170)cI''C, tlle dverLi;;e g r a i n  
0 
2 .  S u r f a c e  Work Funct ion - One of t h e  major  r e s u l t s  o b t a i n e d  
t o  d a t e  i s  tl,e o u t s t a n d i n g  d h i l i t y  of t h e  e l e c t r o n  erviss ion microscope t o  
i d e n t i f y  t h e  r e l a t i v e  work f u n c t i o n  oE t h e  v a r i o u s  s u r f a c e  c r y s t a l s  on a n  
emitter s u r f a c e .  The d a r k e s t  d r e a s  i n  tlre photographs of tlie en i t t e r  
image are  t h e  h i g h e s t  work f u n c t i o n  f a c e s ,  t h e  l i g h t e s t  dress are  t h o s e  
of loi!est work f u n c t i o n ,  and the gia.7 a r e a s  a re  t h o s e  liaving i n t e r m e d i a t e  
v a l u e s  of work f u n c t i o n .  There i s  no doubt  abou t  tlie r e l a t i v e  worl, f u n c t i o n  
of  s u r f a c e s  o r  g r a i n s  which a r e  undergoing p r e f e r e n t i a l  growth and whicli 
g r a i n s  have ttle same work f u n c t i o n .  
The f a c t  t h a t  not  o n l y  tlre g r a i n  s i z e  b u l  t h e  s u r f a c e  work 
f u n c t i o n  a i e d  d i s t r i b u t i o n  has o b v i o u s l y  changed d u r i n g  1 2 1  hour  o p e r a t i o n  
a t  1500 C p o i n t s  p r i m a r i i y  to one of K W O  s i c u d c i o n s ;  (1) rile o p e r a r i o n  oi 
t h e  emitter under  c e s i a t e d  c o n d i t i o n s  would have changed d u r i n g  t h i s  time 
( e l e c t r o n  e n i s s i o n  change under t i x e d  t e m p e r a t u r e  and a r r i v a l  r a t e )  o r  
0 
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( 2 )  t h e  c e s i a t e d  work f u n c t i o n  of  a s u b s t r a t e  h a s  o n l y  a weak dependence 
on t h e  b a r e  work f u n c t i o n  of  the s u b s t r a t e .  The second of  tliese two 
s i t u a t i o n s  i s  n o t  i n  keeping with e x p e r i m e n t a l  e v i d e n c e  from nurierous 
s t u d i e s  o f  tlie e l e c t r o n  emission from c e s i a t c d  s u h s t r a t e s  and, t h e r e f o r e ,  
must be  t e m p o r a r i l y  r u l e d  o u t  as d p o s s i b i l i t y .  The f i r s t  pren,i.se can  
o n l y  be r u l e d  o u t  i n  t h e  u n l i k e l y  c i r c u m s t a n c c  t l i a t  t h e  E i i i J . 1  d i s t r i b u t i o n  
of areas of i d e n t i c d l  work f u n c t i o n  i s  t h e  same 2s t h e  i n i t i a l  d i s t r i b u t i o n  
of t h e s e  areas.  The manner i n  wliich tlie g r a i n s  are  cliangin;, w i t h  ti:.e 
and t h e  t o t a l  d i s a p p e a r a n c e  of  some of  t h e  g r a i n s  seem t o  ; i r ec lude  t h i s  
Latter l i n e  of r e a s o n i n g .  The re fo re ,  i t  a p p e a r s  r e a s o n a b l e  t o  assume 
t h a t  t h e  c e s i a t e d  emis s ion  r e su l t s  on a s i m i l a r  s u o s t r a t c  ui ider  i d e n t i c a l  
c o n d i t i o n s  w i l l  change w i t h  time a t  t en lpe ra tu re .  
0 
3 .  I m p u r i t i e s  - During t h e  r u n  a t  1500 C ,  lo[<: wor!. f i l m t i o n  
i m p u r i t i e s  i n  t h e  form of small  s p o t s  began t o  form on t h e  iilc,12~bdeiium 
s a m p l e  s u r f a c e .  These i m p u r i t i e s  seem t o  d i s a p p e a r  a t  d t e n p t r a t u r e  of 
a p p r o x i m a t e l y  1 6 5 O O C .  
work f u n c t i o n  s p o t s  were gone as shown i n  F i g u r e  2 .  The n a t u r e  of 
t h e s e  i m p u r i t i e s  has  y e t  t o  be de t e rmined .  
A f t e r  r e t u r n i n g  t o  150O'C from 17(3OoC, the l o w  
0 4 .  M i c r o s t r u c t u r e s  - During tlie 1500 C t i m e  a t  t empera tu re  
run,  m i c r o s t r u c t u r e  o f  t h e  type e v i d e n t  i n  pil ;ures 1 and 2 >was observed t o  he 
p r e s e n t  i n  s e v e r a l  areas of t h e  s a m p l e .  
2.4 M e t a l l u r g i c a l  S t u d i e s  
The s t u d i e s  on vapor d e p o s i t e d  t u n g s t e n  liave begun. Two 
samples  of  vapor  d e p o s i t e d  t u n g s t e n  were p r e p a r e d  t o  d e t e r m i n e  i f  any 
p r e f e r r e d  o r i e n t a t i o n  were p r e s e n t .  One s a m p l e  w a s  d e p o s i t e d  on t h e  
end of  a riolybdenum rod and the o t h e r  on a p l a t e  of  coppe r .  Two sub- 
s t ra tes  were chosen t o  deterniine t h e  i n f l u e n c e  of e p i t a x i a l  growth on 
o r i e n t a t i o n .  These samples were t h e n  scanned by an X-ray d i f f r a c t p n i e t e r .  
The  p r e f e r e n t i a l  o r i e n t a t i o n  of any  p l ane  w i t h i n  s e v e r a l  deg rees  of t h e  
specimen s u r f a c e  would c a u s e  the d i f f r a c t e d  peak from t h a t  p l a n e  t o  have 
a r e l a t i v e l y  h i g h e r  i n t e n s i t y .  
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The i n t e n s i t y  of  the v a r i o u s  peaks dre giveil  i n  T a b l e  I. 
Specimen 1 i s  t h e  t u n g s t e n  vaporiLed on coppe r ;  Specimen 2 i s  the t u n g s t e n  
vapor i zed  on molybdenum, arid Specinen 3 i s  t h e  same sample as Specimen 2 ,  
e x c e p t  tlie sample was p o l i s h e d  t o  produce a smoother s u r f a c e .  The r e l a t i v e  
i n t e n s i t i e s  o f  the v a r i o u s  r e f l e c t i o n s  as g i v e n  i i i  t h e  ASTM X-ray pocder 
d a t a  f i l e  i s  shown i n  t h e  l a s t  column i n  T a b l e  I. These i n t e n s i t i e s  are 
a p p r o x i m a t e l y  what would be observed f o r  a random sample .  The r e l a t i v e  
peak i n t e n s i t i e s  of v a r i o u s  d i f f r a c t i o n  l i n e s  of t h e  specimen a re  as 
f o l l o w s :  
TABLE I 
Plane  ’ Specimen 1 Specimen 2 Specimen 3 ASTM Data 
A s  can  be s e e n  from t h e  t a b l e ,  t h e r e  i s  a p r e f e r e n t i a l  o r i e n t a t i o n  of  
(110) and (310) i n  Specimen 1 and a v e r y  s t r o n g  p r e f e r r e d  o r i e n t a t i o n  
of t h e  (200) p l a n e  (the cube f a c e )  i n  Specimens 2 and 3 .  
The s t r o n g l y  p r e f e r r e d  o r i e n t a t i o n  i n  Specimens 2 and 3 may 
be t h e  r e s u l t  o f  e p i t a x i a l  growth of t h e  d e p o s i t  upon c r y s t a l s  of moly- 
bdenum i n  t h e  s u b s t r a t e  which have a p r e f e r r e d  o r i e n t a t i o n  as a r e s u l t  
of  mechanical  working of  tlie rod d u r i n g  i t s  manufac tu re .  The e p i t a x i a l  
growth o f  vapor  d e p o s i t e d  c o a t i n g s  upon a su ! , s t r a t e  i s  a well-known 
phenomenon. C o n s i d e r a b l e  e f f o r t  has  been devo ted  t o  t h e  growth of  s u c h  
d e p o s i t s  i n  t h e  s e n i c o n d u c t o r  i n d u s t r y ,  A s  far as i s  known, no r e s e a r c h  
h a s  been devo ted  t o  t h e  growth of r e f r a c t o r y  metal  d e p o s i t s  of p r e f e r r e d  
o r i e n t a t i o n  by vapor phase d e p o s i t i o n  t e c h n i q u e s .  
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3 .  PROGRAM FOR THE NEXT LNTERVAL 
3 . 1  G r a i n  Growth I n v e s t i g a t i o n s  
The vac - ion  pumped sys t em n e c e s s a r y  f o r  o p e r a t i o n  of t h e  long  
tern t e s t s  p e r t a i n i n g  t o  g r a i n  growth i n  cesium vapor  h a s  been completed.  
The g r a i n  growth v e h i c l e s  w i l l  b e  pu t  on t e s t  i n  t h e  n e x t  p e r i o d .  
3 . 2  C e s i a t e d  Emission I n v e s t i g a t i o n s  
The measurements of e l e c t r o n  e m i s s i o n  from a c e s i a t e d  moly- 
bdenum b a r  s t o c k  emi t t e r  sample w i l l  c o n t i n u e .  S e t s  of d a t a  are b e i n g  
t a k e n  a t  25 hour  i n t e r v a l s  i n  o r d e r  t o  f o l l o w  t h e  change ( i f  any )  i n  
c e s i a t e d  e m i s s i o n  from t h e  s a m p l e  as a f u n c t i o n  of t i m e  a t  t e m p e r a t u r e .  
The measurements w i l l  e x t e n d  t o  a minirmm of 125 hour s  d u r a t i o n .  The 
emi t t e r  t e m p e r a t u r e  w i l l  b e  he ld  a t  1800 K between measurements,  and 
w i l l  n o t  be a l lowed  t o  exceed 1800 K d u r i n g  t h e  measurements.  
0 
0 
A second emiss ion  tes t  v e h i c l e  employing a p l a t e  s t o c k  moly- 
bdenum e m i t t e r  sample i s  be ing  r e a d i e d  f o r  t e s t ,  The t e s t i n g  procedure 
u s e d  on t h e  b a r  s t o c k  emit ter  s a m p l e  w i l l  be d u p l i c a t e d  f o r  t h e  c r o s s  
r o l l e d  p l a t e  s t o c k  specimen. 
3 . 3  E l e c t r o n  Emission Microscope I n v e s t i v a t i o n  
During t h e  n e x t  r e p o r t i n g  p e r i o d ,  tlie e l e c t r o n  e m i s s i o n  micro-  
s cope  w i l l  be used t o  i n v e s t i g a t e  t h e  s u r f a c e  changes o c c u r r i n g  i n  o v e r  
a 100 hour  p e r i o d  w i t h  t h e  sample h e l d  a t  15OO0C.  
3 . 4  M e t a l l u r g i c a l  S t u d i e s  
M e t a l l u r g i c a l  examinat ion and d e t e r m i n a t i o n  of g r a i n  growth 
f o r  t h e  molybdenum samples which have been run i n  cesium vapor  will be 
accomplished as t h e  samples bccome a v a i l a b l e .  
4 .  FINANCIAL STATUS 
Nan-hours,  d o l l a r  e x p e n d i t u r e s ,  and purchase commit t x e n t s  from 
1 9  A p r i l  1963 t o  1 9  May 1963 a r e  s u b m i t t e d  as a s e p a r a t e  e n c l o s u r e  t o  
t h i s  r e p o r t .  
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5 .  PROGRESS D E S C R I P T I O N  
We es t imate  t h a t  a p p r o x i m t c l y  75  p e r c e n t  of t h e  program h a s  been  
accompl ished .  
6 .  P R U C  IPAL CONTRIBUTORS 
The f o l l o w i n g  p e r s o n n e l  have been p r i n c i p a l  c o n t r i b u t o r s  t o  t h e  
program o v e r  t h e  p a s t  p e r i o d .  
A .  0.  J e n s e n ,  A .  E.  Campbell, D.  G .  Worden, W .  Dong, H .  Todd 
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